Abstract. While a large numbers of clinical trials using various kinds of statins has been reported, a possible preventive effect on new onset of type 2 diabetes mellitus was shown only by the subanalysis of The West of Scotland Coronary Prevention Study (WOSCOPS) using pravastatin. The aim of this study was to investigate whether pravastatin has a preferable effect on glucose tolerance among statins. An open-label prospective cross-over trial was performed to compare the effect of pravastatin (10 mg/day) or atorvastatin (10 mg/day) in Japanese early-state type 2 diabetes mellitus with hypercholesterolemia. The analyzed study subjects were treated with pravastatin (10 mg/day, n = 12) or atorvastatin (10 mg/day, n = 12) for 12 weeks. After a 4-week-washout period, the drugs were switched and treatment was continued for another 12 weeks. Oral glucose tolerance test (OGTT) was performed to evaluate several parameters including the appropriateness of beta cell function for the individual insulin sensitivity (disposition index: product of a validated secretion parameter and sensitivity) at the end of each therapy. HbA 1c and 2 h-glucose levels during OGTT in the pravastatin treatment were significantly lower than atorvastatin treatment. Disposition index after pravastatin treatment was significantly higher than after atorvastatin treatment. In conclusion, our study suggests that pravastatin has a favorable effect on pancreatic beta cell function compared with atorvastatin.
PATIENTS with type 2 diabetes have a high risk of developing cardiovascular disease which is also the most frequent cause of death in these patients [1] . Especially, type2 diabetes complicated with hyperlipidemia has an elevated risk of developing atherosclerosis. The lipid profile of these patients are characterized by both quantitative and qualitative changes in lipoproteins, such as increased triglyceride-rich remnants, low HDL cholesterol, increased small dense LDL cholesterol and modest increase in LDL cholesterol [2] . According to the results of the United Kingdom Prospective Diabetes Study (UKPDS), LDL cholesterol is the most important determinant for the development of cardiovascular disease in type 2 diabetes mellitus [3] . Several large clinical trials demonstrated that 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitor, known as statins, which reduces LDL cholesterol results in substantial benefits for diabetic patients with hypercholesterolemia [4] [5] [6] [7] .
Beyond the effect of reducing serum cholesterol, statins have other beneficial effects such as reduced expression of adhesion molecules, inhibition of the proliferation and migration of vascular smooth muscle cell [8, 9] , anti-thrombotic effects [10] , and reduction of inflammation [11] , which have been known as their pleiotropic effects. All statins commonly share such effects. However, regarding the effects of statins on the prevention of the development of new type 2 diabetes mellitus in clinical setting, only the substudy of The West of Scotland Coronary Prevention Study (WOSCOPS) using pravastatin is available [12] . Despite the presence of huge data using other types of statins, no studies dealing with large study subjects have shown such effects. Thus, it is possible that pravastatin might have more favorable pleiotropic effects on glucose tolerance than other statins. Even if statins had such effects, it is predicted that they should be very mild. Thus, to elucidate the effect of pravastatin on glucose metabolism, we should use sensitive parameters to evaluate pancreatic beta cell function, insulin sensitivity and glucose tolerance.
It has been previously reported that the relationship between insulin secretion and insulin sensitivity is curvilinear. Thus, the disposition index, the product of a validated secretion parameter and sensitivity is constant if the beta cell function is not affected. Due to this relationship, insulin resistance is compensated by the increase in insulin secretion [13] . In contrast, the increased insulin sensitivity observed such as after weight reduction is accompanied by the reduced insulin secretion in obese subjects [14] . It has been estimated that this adjustment of insulin secretion might be achieved by the changes of beta cell mass, and/or glucose sensitivity for insulin secretion [15] . Impaired glucose tolerance or type 2 diabetes develops and progresses if the compensation of insulin secretion in islet is inadequate to insulin resistance, which is represented by the decrease in disposition index [13, 16, 17] .
The primary aim of the present study is to validate the effect of pravastatin on beta cell function. Because the residual beta cell capacity in type 2 diabetes is variable among the subjects, we chose a crossover design to allow treatment comparisons in one subject rather than between subjects. To assess beta cell function, the effect of each treatment was primarily evaluated by disposition index in all study subjects. In addition, to evaluate the data obtained by oral glucose tolerance test (OGTT) properly, we chose early-state type 2 diabetes as the study subjects.
Materials and Methods

Subjects
The patients with type 2 diabetes mellitus who visited Juntendo University Hospital (Tokyo, Japan) or Secomedic Hospital (Funabashi, Japan) from April 2005 to August 2005 were asked to participate in the study. The inclusion criteria of this study were type 2 diabetes mellitus with hypercholesterolemia who receive pravastatin 10 mg or atorvastatin 10 mg and their HbA 1c level was less than 6.5% at the inclusion of this study. The diagnosis of type 2 diabetes was based on the current WHO criteria. The patients with diabetic microangiopathy, severe renal or hepatic disease, overt cardiovascular disease, and malignancy were excluded. Also the patients receiving insulin or sulfonylurea were excluded. The patients taking other oral hypoglycemic drugs were enrolled and the dosage of the drugs was not changed during this study. A total of 25 Japanese subjects were recruited for this study. The hospital ethics committee approved this study protocol and informed consent was obtained from each subject.
Study design
An open-label, crossover design was used. After screening visit, 12 subjects receiving pravastatin (10 mg/day) and 13 subjects receiving atorvastatin (10 mg/day) were recruited. Except one case of drop out, each patient continued to take the respective drug for 12 weeks. Then, oral glucose tolerance test was performed and simultaneously, fasting blood sample was collected to measure other parameters. Then, each drug was stopped for 4 weeks and at the end of washout period, fasting blood samples were collected. Subsequently, the subjects on pravastatin switched to atorvastatin and the subjects on atorvastatin switched to pravastatin for 12 weeks, after which another OGTT was performed with fasting blood sampling to measure other parameters. All subjects were recommended to consume their habitual diet during the study period. Each patient was reviewed as to their general health and compliance with medications as assessed by tablets counts with laboratory data, blood pressure, body weight and diet and exercise status being checked at each visit. The clinical characteristics of the patients are shown in Table 1 .
Definitions
Hypertension was defined by casual blood pressure ≥140/90 mmHg. Dyslipidemia was defined by fasting serum total cholesterol >220 mg/dl, TG ≥150 mg/dl, HDL cholesterol <40 mg/dl or LDL cholesterol >140 mg/dl. Diagnosis of metabolic syndrome was defined as the presence of central obesity (waist circumference >90 cm for women, >85 cm for men. These criteria are only applicable to Japanese) plus following two components: 1) triglycerides ≥150 mg/dl, or HDL cholesterol <50 mg/dl for women and <40 mg/dl for men, 2) systolic blood pressure ≥130 mmHg or diastolic blood pressure ≥85 mmHg, 3) fasting blood sugar ≥110 mg/ dl.
Biochemical measurements
Blood samples were obtained between 8 and 10 A.M. after overnight fast for the measurement of serum lipids (total cholesterol, HDL cholesterol, LDL cholesterol and triglycerides) and glucose by standard laboratory techniques. Safety parameters included creatinine, alanine aminotransferase (AST), aspartate aminotransferase (ALT), and creatine phosphokinase (CPK) were measured with standard techniques. Plasma insulin concentrations, highly sensitive C-reactive protein (hs-CRP), leptin and adiponectin were analyzed by a private laboratory using ELISA (SRL Laboratory, Tokyo, Japan).
OGTT
A standard 2 hour 75 g OGTT was performed at 9:00 h after 12 h overnight fast. Blood samples were collected at 0, 30, 60, 90 and 120 min for the measurement of plasma glucose and insulin.
Calculations
To assess beta cell function, we used the insulinogenic index (IGI) which is calculated as the increment in the serum insulin level (µU/ml) in 30 min divided by the corresponding increment of serum glucose (mg/dl) [18] [19] [20] . Insulin resistance was determined by two methods; homeostasis model assessment of insulin resistance (HOMA-IR) calculated as the product of the fasting plasma insulin (µU/ml) and the fasting plasma glucose level (mg/dl) divided by 405 and the composite whole-body-insulin-sensitivity index (WBISI) calculated using mean values of insulin (µU/ml) and glucose (mg/dl) obtained from the OGTT and corresponding fasting values [21] . The appropriateness of beta cell function for the individual insulin sensitivity was evaluated by the disposition index, calculated as the product of IGI and WBISI [22] [23] [24] .
Statistical analysis
Results are presented as the mean ± SD. Statistical analysis to compare the variables of each group was performed using two group t tests. Statistical significance was defined at P<0.05.
Results
One patient dropped out of this study due to having muscle pain with atorvastatin although laboratory examination did not reveal any significant findings. Thus, in the present study, we analyzed the data of 24 patients. Regarding the treatment of diabetes, most patients (20/24) were treated without any oral hypoglycemic agents. The presence of metabolic syndrome was 62.5% at baseline (Table 1) . During the study period, no patients showed more than 1.5 fold changes of creatinine, AST, ALT or CPK level. The reductions of total cholesterol and LDLcholesterol in the atorvastatin group were significantly greater than the pravastatin group. On the other hand, plasma HDL-cholesterol and triglyceride level were not different between each treatment. Hs-CRP was decreased by the treatment with either of the statins, however, it was not different between each treatment. Adiponectin and leptin level was not affected by each treatment.
Interestingly, disposition index, a marker of β cell function was significantly higher with the treatment of pravastatin compared to atorvastatin ( Table 2) . Reflecting this difference, HbA 1c and 2 h-glucose levels were significantly lower with pravastatin compared to atorvastatin. The area under the curve of glucose level during OGTT, WBISI, and IGI in the pravastatin treatment tended to be lower than the atorvastatin treatment, though these differences were not statistically significant.
Discussion
The aim of this study is to elucidate the effect of pravastatin on glucose tolerance and its related parameters compared with atorvastatin. In the present study, pravastatin significantly reduced HbA 1c and 2 hglucose levels compared with atorvastatin in agreement with recent studies [25, 26] . This amelioration of blood glucose level and glucose tolerance was concurrent with the significant improvement of disposition index, an index that represents the appropriateness of beta cell function for the individual insulin sensitivity.
In this study, the differences of disposition index between the treatment of pravastatin and atorvastatin observed in our data was 36.0%. While accumulated data have demonstrated that thiazolidinediones have prefer- Data are expressed as means ± SD. Statistical analysis was performed to compare the variables of pravastatin group and atorvastatin group using two group t tests. P values which is considered to be statistically significant was shown by underline. Abbreviations: BMI, body mass index; TC, total cholesterol; HDL-C, HDL cholesterol; LDL-C, LDL cholesterol; TG, triglyceride; sBP, systolic blood pressure; dBP, diastolic blood pressure; hs-CRP, highly sensitive C-reactive protein; AUC glucose , area under the curve of glucose level during oral glucose tolerance test; AUC insulin , area under the curve of glucose level during oral glucose tolerance test; HOMA-IR, homeostasis model assessment of insulin resistance; WBISI, whole-body-insulin-sensitivity index; IGI, insulinogenic index.
able effects on β cell preservation [27, 28] , recent data reported that the treatment with rosiglitazone for 6 months improves disposition index of type 2 diabetes by 43% [29] . Whereas caution should be taken in view of the differences in the study condition, the improvement of disposition index by pravastatin, compared with atorvastatin should not be regarded as negligible.
Our data indicate that pravastatin has more favorable effect on beta cell function than atorvastatin. Statins modestly reduce serum triglyceride level and have systemic anti-inflammatory effect. These effects might be related to the improvement of beta cell function. However, in the present study, serum triglyceride and hs-CRP, the marker of systemic inflammation level, were not different between the treatment of pravastatin and atorvastatin. Furthermore, although a very recent study revealed that pravastatin modestly increases serum adiponectin level [30] , the treatment with either of the statins did not affect the plasma adiponectin and leptin concentrations in our study subjects. Thus, the mechanism of the preferable effect of pravastatin seems to be independent of such markers and should be elucidated.
Recently, possible unfavorable effects of some lipophilic statins on glucose metabolism have been reported. Lipophilic statins such as lovastatin, atorvastatin, simvastatin, and cerivastatin may be incorporated into various organs such as pancreas, adipose tissue and muscle which are important for glucose metabolism, while hydrophilic statins such as pravastatin is incorporated mainly into liver. The characteristic difference might result in a different action on glucose tolerance. For instance, as lovastatin inhibited insulin secretion from isolated islets [31] , simvastatin inhibited insulin secretion via the blockage of L-type calcium channels in rat pancreatic beta cell, while pravastatin did not [32] . While pravastatin prevented the deterioration of glucose tolerance in OLETF rats, a recent study reported that atorvastatin impaired glucose tolerance in NSY mice [33] . On the other hand, there have been several data disputing these results [34, 35] . Regarding the present study, we performed OGTT in 7 subjects just before the administration of statins. As a result, pravastatin tended to improve beta cell function, while atorvastatin does not affect beta cell function (disposition index before the treatment, 0.96 ± 0.32; during the treatment of pravastatin,1.51 ± 0.77; during the treatment of atorvastatin, 1.04 ± 0.32 ). Thus, our data supported the view that pravastatin has a favorable effect on beta cells, rather than the view that atorvastatin has an unfavorable effect.
Our data indicates that pravastatin has beneficial effects on β cell function, compared with atorvastatin. However, in order to prevent cardiovascular diseases, the reduction of LDL cholesterol level is critical. To achieve the target LDL cholesterol level, we should not hesitate to use atorvastatin even for patients with type 2 diabetes, because the effect on β cell function seems to be modest in clinical setting.
In conclusion, our study demonstrated the beneficial effects of pravastatin on beta cell function compared with atorvastatin in early-state type 2 diabetic patients with hypercholesterolemia. Also, our study clearly provides useful information for drug choice in clinical setting. In addition, our data support the necessity of further study to elucidate the mechanism to the unique effect of pravastatin. This knowledge would eventually be used to make compounds to improve beta cell function.
